Y This procedure adopted by the California Division of
' Highways except portion relating to calculation of EWL.

* : |
July 30 , 1951
STATE OF CALIFORNIA
DEPARTMENT OF PUBLIC WORKS
DIVISION OF HIGHWAYS
MATERIALS AND RESEARCH DEPARTMENT
Recommended Structural Design Precedure for
Estimating Required Thickness of Pavements and Bases

There is hereWith submitted fof general information and
guidance a revised design procedure for estimating the required
thickness and strength of pavements and bases.

In general, the concepts test methods and formulas are an
extenS1on and loglcal development of those set forth in the
artlcle, "The Factors Underlylng the Rat10na1 Design of Pavements "
by F. N. Hveem and R. M. Carmany. However, additional experience
indicates that certain medifiqations are in order and the detailed
steps outlined herein represent the_result of additional work and
development over the past three years. | |

The primary departure from past practice is the substltutlon
of the Stabilometer Test for the California Bearing Ratlo, and the

resistance value R derived from the Stabilometer Test should be

used to indicate the relative quality of basement soils and all
granular bases and subbases. |

The methods and relative values used for estimating the
equivaleat wheel loads are revised as it has become evident that

greater emphasis should be placed upon the destructive effect of the
21-0O]
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heaviest axle loads, and on the other hand, there are many cases

where the EWL values should be reduced on frontage highways and

other roads where heavy trucking is not expected.,

“The design procedure will evaluate (1) the supporting capacity
of the basement soil in terms of the Resistance Value, {2) the
magnltude and numbeéer of individual wheel loads to be carried by the
road? aﬁd 3) the slab strength of the paving and/or base material

proposed for useo

In applylng thls de51gn procedure, the first step is to deter-

‘mlne the Res1stance Value of the SOll This "R Value will be

based upon Stabllometer ‘and Expan51on Pressure tests. (Early
attempts to derlve a comparable value from C.B.R. test data have

not proven to be consistently rellable ) The "R" value of the soil

7w111 be 1ndlcated on Laboratory test reports°

The next step is 0 estlmate the traffic to be sustained by
the road, and as in the past, this traffic estimate will be ex-
pressed in terms of the total number of Equivalent 5000 1lb. Wheel
Loads'anticipated for the ten year period immediately following
consbruction.‘ There is attached herewith a-detailed outline of
the orocedure for estimating equivalent wheel loads; and the

value’derived from this procedure should be termed the EWLSO in

Aorder to distinguish the new values from those calculated by the

older formulas. Tt Wlll be noted that the values of EWL50 will in
general be higher than those obtained from previous calculatlons,

although this will not be true unless a substantial number of heavy

"‘-'-.-2-
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axle loads are involved. It is proposed to discontinue the formal
use of such designations as "1ight"; "medium" 5? "heavy" industrial
routes as these fixed classificétions often result in an arbitrary
selection of pavement types in lieu of careful éonsidgration of all
factors and the application of engineering principles. In lieu
thereof, it is desired that in the future the weight of traffic to

be carried on a given road be designated and referred to in terms

of the Traffic Index. The Traffic Index is represented by.simple

numbers which will range bétween values of 2 and 10 for highway
purposes and are the logarithm of the EWLSO. (It is; of course,
necessary to convert the %raffic data into an equivalént‘whgel
load as a necessary step in assigning a Traffic Index value. )
Both EWL's and'Traffic Indexes_afe shown on the accompanying re~
vised'Design Chart., {Fig. II}. The Traffic Index number will bé

more significant and more convenient to use, as the required

thickness of any type of pavement over a given soil will vary

directly in proportion to this number,

A District Map may be prepared on which the Traffic Index
value for each route can be indicated and this index number will
serve to indicate the structural design standard for each road and
should be used in connection with the Design Chart to deterﬁine
the thickness of the pavement and base combination required. Where
ever the figures are available; the data from loadometer stations
may be used as a basis for computing the EWL in assigning the

Traffic Index number., However, on many routes such data are not
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avaiiéble and the traffiglindex may be assigned on a more or less
afbiﬁrary basis according to available information concerning the
-genefal traffic conﬁiﬁions. These assigﬁed Traffic Index values
willébe subject tp'modification-and reconsideration whenever it
appeéfs desirable. A duplicate“map may be retained in Headquarters

Design Department for ready comparison.,

Additional Points for Guidance

;The final values derived from phe revised design chart are
subjébt‘tb'the following generalzpestrictions or limitations as
a maéter of practical chsideraﬁion‘and for reasons other than
basiézgtrUCtural design.

?A;‘:The‘mbst economical, efficient and suitable type and

" thickness of pavement shall be selected by means of
‘a design éhart; Fig. II;_with consideration being
giﬁen-td ﬁhe'éffegts of;grades; speed of‘traffic;
-necessity-fof stopping and starting; etc, The
ﬁype 6f pévemeht recommended should be based upon
OVerail‘economic consideratiéns and such other
factors as may have a bearing on the individual case.
ﬁB;  The thickness of all types of pavement; excluding
- Portland cement concrete, may be computed from the
design chart; Fig. II; with due allowance for
tensile strength or slab strength of the pavement
and/or base. See typical values on instruction

sheet-accompanying chart, Fig. II
b~

www fastio.com
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Portland cement copbrgte‘pavement may be proposed
in thicknesses varying from 6‘to 8"; depending upon
the weight of traffic to be:carried. In general,

a standard 8" depth of PCC pavement should be used
for a traffic index value of 7.5 or greater; 7"

for a traffic index of 7; and 6" with a traffic
index of 6.5 or less. In any event; no PCC pave-

ment should be considered less than 6" in depth.

A1l concrete pavement shall be placed on a

D.

E,

hardened or treated subgrade designed to resist

‘displacement or erosion due to pumping action of

the slabs.

Plant-mix bituminous surfacing will ordipafily
range in thickness from 1-1/2" to ﬁ" depending
on weight of traffic;.however; not less than 3"
should ordinarily be proposed over cement treated
bases as a safeguard against slippage.

Cement treated bases or lean concrete bases
covered with a bituminous surface will not be
considered in thicknesses less than 5" and a

6" minimum will generally be preferable.

Cement treated bases more than 7" in thickness
should be constructed in two or more layers;
each of which should not bé iess than L nor

more than 7" in thickness.

www . fastio.com
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"Crushef run'bases‘sh0q1d;ordinari}y not be

proposed in layers 1ess thani6" for average
conditions although'g" layers will be approved
where the underlying native material or sub-
bése is of unusually good quglity_and where

only light traffic is anticipated.

'When'estimating’the thickness of surfacing and

base for borders adjacent to a pavement, assume
that the EWLsg will be equal to 1% of the EWL
calculated for the adjacént pavement lane, bub

not to éxceed oné million EWL for the average

casce.
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July 30, 1951
PROCEDURE FOR ESTIMATING
EQUIVALENT WHEEL LOADS BASED ON
LOADOMETER DATA OR TRAFFIC CENSUS
As shown later in the design formula_for calculating the
thickness oflpavements,_the_destru;tive effect of traffic is one
of the three primary factors having an influence on structural
design. Data from test_tracks_show that this traffic_factor is
a function of (1) the total wheel }Qad; (2) the avérage unit
pressure with which this_load is applied and (3) the number.of
‘repetitions of thié_load. The combinedlinfluence of these
'factprs on.pavement structural design appears to be feaébnably
well expressed bf‘the formula -
T=m p ‘VFE_ log r | | g o _ _ | (1)
Where T = Thickness of pavement and base
ml.¥ A factor which includes all nécessary
| cénversion units and.the other two primary
factoré namely strength of pavement; and
ability of soil to support loads (these
two variable factors are assumed to be
fixed for purposes of comparing the
effects of traffic)
p = Unit pressure of tire on pavement
L = Total load on wheel

‘ r = Number of Axle load repetitions

ClibPDF - www .fastio.com
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Ein estiméting the thickness of pavements required for highways;
the ﬁpmber and weight of heavy trucks are the only elements of
traffic that have any serious or important influence. As the tire
pfgséures for these vehicles are rather consistently maintained to

apprdkimately the same tire pressure therefore, the unit pressure

"p" may also be 1ncluded in the factor "m" and we may then write

'the above relat10nsh1p

T=m YL (logr) (2)

Wheré m, includes the pressure on the pavement.

The miscellaneous traffic over any highway consists of a

w1de varlety of 1nd1v1dual vehicles representlng a range of sigzes

and gelghts. Probably no two trucks have exactly the same axle

loadjpatpern. Therefore, in order to evaluate this traffic, the

-Plan@ing Survey Department has found it necessary to weigh the

indiﬁidual wheels of a certain number of trucks as a sample and

from thls sample to compute the relatlve _percentages of axles

falllng in each load group,‘ See Table 2.

_The traffic recorded by the Planning Survey Department at

3

any'given time or estimated for the future is expressed as the

axie?load‘in‘pounds and,‘for convenience, is separated into
grcuﬁs, each‘covering a range of 1000 lbs.; for example, 4000

to 4999, 5000 to 5999 etc.

—_ -
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In order to convert the axle load data into a factor that
can be used in the pavement design formula;_it is'necessary to
convert the number of axles in each load group into some common
denominator. A conversion of this sort has been made in the past
expressed in terms of an -equivalent number of 5000 1b. wheel
loads.* “Such a conversion is valid provided the ?roper factors
are used. A large number of repetitions of a moderate load will
equal the destructive effect of a much smaller number.of heavy
load repetitions. |

In other.words, a certain numbef of repetitions of a giveﬁ
wheel load will be the "destructive" equivalent of a different
number of 5000 1b. wheel loads and available data indicates that

within limits the relationships may be indicated by the expression
\/Lx log r, = T =1’I'5000 log r5000 (3)
mo -

Where Ly = Number of loads i.e. repetitions estimated
to occur in a group Lg for the design life
of the pavement

T = Thickness of pavement (including bases)
- Lsppo = wheel load of 5000 1bs.
r5000 = equivalent number of 5000 1b. loads

* "Designing Foundatién Courses for Highway Pavements and
Surfaces" by -Fred J. Grumm, California nghways and
Public Works, Novembér 1941, p. L.

Circular letter by A. M. Nash dated May 12, 1947
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Therefore; to convert a given number of repetitions of a
cerﬁain wheel load to an equivalent number of repetitions of a
"standard" 5000 1b. wheel load' the above formula is rearranged
1nto the following form for convenience.

log rsop0 = VI x log rx
| : /5000

Chart I is drawn from this formula and ‘any conversion of

mlscellaneous traffic data to equlvalent 5000 1b. wheel loads
is made by locatlng the intersection of the curve representing
the;partlcular wheel load with the verticalline representing
the:fepetitions of this load then proceeding horizontally to
the’ curve representlng the 5000 lb° wheel load. The vertical
11ne at this p01nt w1ll 1ndlcate the equlvalent number of
arepetltlons of the 5000 1b wheel load.

At the present tlme, 1n order to evaluate the traffic for
-any hlghway, it is necessary to have both the truck axle census
andaa loadometer survey of the road, From the census, it is
possible to caleulate and estimate the probable total number of
hea%y truck axles that will traverse a given highway during its
lifé and from the loadometer survey it is possible to calculate
the probable number or percantage‘of these axles falling within
éaéﬁ of the various weight groups. The number of axles falling
'w1th1n each weight group is then converted into an equivalent
number of 5000 1b. wheel loads and the sum of all these equivalent
‘5009 1b. wheel loads is the EWL50*. The logarithm of the EWL50
is termaitﬁe Traffic Index and the thickness of pavement required

varies directly in proportion to the Traffic Index values.

*EWL5 means the EWL calculated according to these instructions
i.2, the 1950 method hence EWL5(Q0 to distinguish from previous
EWL calculatlons
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By way of illustration, lelowing are data from the traffic

census and loadometer survey and an example of the EWL5O calcula-

tion for Road I-Hum-1-E

TABLE I

TRAFFIC CENSUS DATA

ClibPDF

I-Hum-]1-E
Percentage
Average No, of Total
Daily ' Vehicles
No. Lanes 2 | |
Length in miles 0771
Total Vehicles {includes all trucks) 3759 100.0
Total Trucks {includes pick-ups) LL? 11.9
Pick-ups(2) 195 5.2
2-Axle | : 180 L.8
3-Axle | 23 .6
L-Axle = 15 b
5-Axle . 19 .5
6.pr more | 15 .#

(a) (Not used in calculation of EWL)

- www . fastio.com
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FREQUENCY DISTRIBUTION OF COMMERICAI. AXLE LOADS
Loadometer Data
District I

Weiéhing Station No. 75 Location Scotia, S

Table -2
' - Axle Loads Per 100 Commercisl Vehicles
Axle Load Hum-1-E Hum-1-E Hum-1-E
in Pounds Northbound Southbound N &S
: Number Number Number
of Percentage of Percentage of Percentage
' Axles Axles Axles
Under 8000 129.41 36.8 128,33 453 128,97 39.6
8000 - 9999 34.12 9.7 60.00 21.2 4 .83 13.9
10000 ~ 11999| 31.76 9.0 76.67 27.1 50.34 15,6
- 12000 - 139991 34.12 9.7 10,00 3.5 2L 1k 7e5
14000 - 15999 50.59 1h.h 6.67 2.3 32.41 10.1
16000 - 17999| 35.29 10.0 1,66 .6 21.38 6.6
18000 - 19999 22.35 6.l - . — 13.10 Lol
20000 - 21999 7.06/(: 2.0 - - Lo1L 1.3
22000 - 23999 1.18 .3 - - .69 .2
1 Over 24000 5,88 1.7 - - 3e45 1.1
- Total 351.76| 100 283.33 100.0 | 323.45 100.0
Actual
Number of . :
Vehicles 85 60 |- 145
| Weighed as .
a sample

S

ClibPDF - v .lastio.com
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SAMPLE CALCULATION

SHEET

Proposed Method"

I-Hum-1-E (Northbound)* _
' No. Trucks
Axles per From Table
Truck 1
Number of axles per day in
each category = 2 x 180 360
3 b’ 23 69
L X 15 60
5 X 19 95
6 x 15 90
Total Average Daily Axles — 2 Directions = | 674

Total Average Yearly Axles =

Assuming a uniform increase reaching 50%
at the end of 10 years, the estimated ' -

674x365 = 246,000

number of axles per 10 year perlod = 246,000 (1 0+1. 5) 10 = 32075 000
SR

For one direction - 3,075,000 =
(Assuming equal traffic in 2

both directions)

1,540,000

Equivalent Repet1~

Wheel Load % Axles Average Total tions of 5000#
Group From  Loads Per Number of Estimated Wheel Load
Column 1 Load Group Axles Per 10 Repetitions (From Formula (4)
Table 2 Table 2 Years in 10 Years or Chart I)
3500 36.8  x 1, ,540, 000 = 567;000 | . 70,000
1500 9.7  x " - 149,000 80,000
5500 9.0  x " - 139,000 250,000
6500 9.7  x L = 149;000 790;000
7500 bk x " - 222,000 3,520,000
8500 10,0  x AL = 155;000 5;820;000
9500 6.4 x n - 98,500 7;620;000
10500 2,0 X " = 30;800 3;230;000
11500 3 x " = 1,600 360,000
- 26,200 9,660,000

12500 1.7 X "

3l.4 Million E,W.L. (One Way) = 7.5 Traffic Index

#*This lane carries the heaviest traffic
_ e

www . fastio.com

31,400,000 =EWlLsg
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tThe foregoing example represents a nominal two lane highway.
It will be obvious that on multiple lane roadways the amount of
traffic which will be carried dn any ohe lane will be somewhat less
thanithe total amount of traffic proceeding in one direction. The
relatjve proportion will vary depending upon the amount of traffic
6n tﬁé road. For example, on a fouf lane divided highway; the
outer lane may 9afry 85 percent of the traffic when the total
voluﬁé is small; As the amount of traffic inéreases; the relative
percéﬁtage will decrease until at pggk capacity each lane will
;cafrf)qnly 50 percent of the traffiq,_ Therefore; when estimating
:fhebﬁ}éffic to be carried on roads having four or more lanes; the
'estiﬁéte of EWL should be computed upon 75 percent of the antici-
5pateé‘amounﬁ of @raffic. (Based upon the census and projected
iﬁtofﬁhe future).

%&t is also intended that the estimate of future traffic
shouid'be predicated upon the direétion now showing the heaviest
traff;c, In many cases there is a considerable disparity in the
weigﬁt of loads being carried in different directions on the
high@ay. It is ﬁhe intent that the design shall be based on the
heaviest traffic that is being carried in one direction and not
uponiﬁhe average as in the past,

?It will be noted in the example shown that the EWLsg value
is approximately'thfée times the EWL value obtained by the method
desc%ibed in the November 19L1 issue of California Highways and

Publié Works and is approximately fifteen times that obtained by

ChihPDF - wyw fastio.com
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the simplified method based upén averages described in the circular
letter of May 12; 19L7. However; the new thickness design charts
have been adjusted accordingly and the EWiso value and correspond-
ing traffic index number obtained by the method here shown should

be used only in the revised design chart and without further

modification. In order to avoid confusion, however, all wheel
load estimates derived by the methpds and charts described herein
should be identified as EWLébAgnd preferably rgferred to in terms
of the tyaffic index indicating that the 1950 procedure has been
followed. |

&
~
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July 30, 1951
EXPLANATION AND INSTRUCTIONS FOR
USE OF PAVEMENT THICKNESS DESIGN CHART

The sulitability of existing basement_soils or materials
proposed for subbases, bases and bituminous paving mixtures
will be determined by Stabilometer tests. The Stabilometer
test subjects the sample to a form of_Triaxial Shear and has
been a standard method in thg'Division of Highways for measur-
ing "gtability" of bituminousrﬁixtﬁres during the past eighteen
yearse. | |

As statéd in the previous instructions, all soils and granu-
lér base materials will be évaluated in a numerical scale rapging
from 0 to iOO; known as the Resistance Value; (désignated by the
letter "R") which primarily reflects the degree of friction
between particles in phe‘comﬁacted soil material when the volds
are filled with water., Test specimens are formed by compacting
the samples in a Spécial compactorlwhich subjects the samples
to a sort of kneading action; producing densities and structural
arrangements closely simuiating the cqnditién of materials placed
on the road by conétruction equipment. |

The new design procgdure igs based upon the following re-
lationéhip between the séveral faetors that affecﬁ the structural

performance of a pavement:

ClibPDF - www .fastio.com
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The type formula is as follows:

T = KD (90 - R) ‘ (a)
—%5 -

il

WhereLT Combined thickness of Base and Surface
?K = A Constant | | o
D = The destructive effect of traffic re-
presented bj a calculated factor termed
_"Equivélent WheellLbad" derived by con-
verting the ac¢tual number of axle loads
of each magnitgde td aniequivalent num-
ber of 5000 1b, Wheellloads having the
same destrﬁctive effect
'iR = The Resistance Value o£ the soil while
| in a state of dénsityvand degree of
saturaﬁion typical of the most adverse
conditions to be expected on the road
dﬁring‘the.sérvice life
;S = A factor representing the tensile
. strength or slab strength of the pave-
ment and base combination that is pro-
posed for use
'Eéch of the above components must be broken down or subdivided
“into ﬁeasurable units; Therefore; the formula based on observed

performance of test tracks and existing highways becomes:

-2-
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T =K (PVa log r) (Py/P, - 0,10/

Where T = Thickness of Cover (Base and Pave-
ment) in inches |
= 0.0175 for best correlation but with-

Where K
| out any factor of safety

Py = transmitted horizontal pressure in.
the Stabiiéﬁeter test (psi)

Py = applied vertical pressure in the Stabilo-
meter test (typically 160“psi)_

P = effective tire préssure;(psi)

a = effective tire area (sq. in.)

r = number of load repeﬁitioné

¢ = tensile strength of the cover material
as“measured by the cohesiometer _
(approximately = modulus of rupture x 45:4)

In order to simplify the calculations and to ﬁermit utili-
zation of available data; charts have been pfe@ared for use in
estimating the fequired thickness of any type or combiﬁatioﬁ‘of
pavement and bése over any given soil to withstand various

amounts of traffic.

(

l)"The Factors Uﬁderlying'the Rational Design of Pavéments",
by F. N. Hveem and R. M. Carmany, - Proceedings of the
Highway Research Board, Vol. 28, p 101

-3-
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The Design Chart, Fig. iI, is prepared from the
follqﬁdng simplified expression.

T = XK' {log EWL‘50) (96-—R-) \"(c)

5
Ve

This expression is derived from_edgatipn~(b)_and contains
a neﬁ?constant Kt = 0.095. The value assigned to K! is based
upon an assumed tire pressure of 70 psi and includes the con-
stantfof the expressionVa = KN/ L where L = the total load
on a wheel |
” Then in the above equation (c)

log EWL50 = eqﬁivalent‘5QOQ# wheel repétitions*

of traffic =,/ L log r
5000

R

it

The resistance value of soil subbase

or Base as measuréd by the Stabilo-

meter

¢ = Cohesion Value represents slab strength
of cover material

T = Thickness of all layers above material

represented by R

#Thisféxpression developed on p. 4 of the "Procedure for
Estimating Equivalent Wheel Loads based on Loadometer
Data .or Traffic Census™,

“lym
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A

Govef material includes subbase, Ease_and surface courses
when the basement soil is being considered. "Cover" would in-
clude only base and surface when the subpasgvmaterial is being
tested, Similarly, when the base is being evaluated, "cover"
would mean the bituminous surface or pavement alone., If the
cover consists of a single layer, the apprqprigte Gohesiometef

value may be selected from the following table.

Typical Cohesiometer Values, Representing -
Common Types of Pavement and Base Construction

Cohesiometer Vélues

P.C.C. Pavement 5.0 Sacks {Class B) . 15,000
P.C.C, Pavement L.Z Sacks (Class C) 7;000
Cement Treated Base Class.A‘ ' ' 5;000
Cement Treated Base Class B | ' 1;500

Plant Mix with Paving Grades'of Asphalt
or AC Surface Course 85 to 300

Penetration ' | LOO
Plant Mix with liquid asphalt SC-6 300
Plant Mix with liquid asphalt 200
Open Graded Mixes and RMS 150'

Bituminous 3urface Treatment,
C.T. Bases Class C and Untreated
bases or subbases 160
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Correction for multiple lagyer construction
involving materlals of dlfferent slab strength

If the cover con51sts of a two-layer construction, the
mean qohesiometer value may be determined from the formula
fm = c1‘+ %EE%EE%2 (ep=cq)
t1 = Thickness of layer A
ég = Thickness of layer B -
él = Cohesiometer Value for layer A
éé = Cohesiometer Value for layer B
ém_= Equivalent Cohesiometer value of the layer

comblnatlons - Value to use in structural design

If the cover is a three-layer system, the cohesiometer
valueﬁfor the top two should first be determined from the above
formuia and the p;océdure_répeated; treating the top two courses
as a single layer. H “

: Sketch Showing Relative Position of Elements

Used in Calculating Combined Tensile Strength
of Pavement and Base Combinations

Pavement 1
A layer ' or 1
Surface Course l ;L
1
B layer | ~ (Base) to
. ' )

Subbase or
C layer Basement Soil

A = Upper layer or course of pavement or bituminous
: surfacing

B = Second layer or bése course of different tensile
5 strength than surface course

ﬁ = Subbase or basement soil
o 6
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Lorréction for Cover Mateérials
having abnormal Unit Weight

In reporting stabilometer and expansion pressure tests of
untreated materials and Cléss C qémént treated bases, unless
information is furnished to the contrary, test results are
based upon the premise that cover material (bases and surfacing)
to be placed over_the tesped goil will have an avérage unit
weight of.lBO lbs. per cu. ft. _

In the event that light weight materlal such as tuff pumice,
dlatomaceous earth etc. are used in one or all 1ayers, correc-
tions must be made which will ;ncrease‘nqt only the "indicated
minimum thickness of cover™ but may reduce the reported "R" value.

For purposes of preliminary estimating whén light weight
cover materials are being cbnsidergd as an alternate, a table
of factors is given below which may be used to predict apprbxi—
mately the total thickness nedessary to compensate for marked
variations in unit weight of surcharge.

Correction Factors for Weight of Cover Materials

Average Unit Weight of Multiply "thickness based
Covér Material - upon 130 lbs. per cu. ft.
(Lbs. per cu. ft.) Material®™ by factor below

150
140
130
120
110
100
90
80
70

B B 2 I I
MWW= OO O

L

HERERREHO
R ]

]
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The result obtained_by multiplying the thickﬁgss of cover
recom&ended in the test report_(baséd upon”léo lbs. per cu. ft.)
by thé appropriate factor taken from the table will give a thick-
ness'épproximating the maximum that_would.be obtained by the more
1engtﬁy and more exact method furnished to the District Materials
Engin%ersr 7

The new design charts furnished hg;ewith, revised June 1,
1950,lare to supersede all desigp charts previously issued.

These charts have been revised and adjusted downward to remove

‘any tﬁeoretical "factor of safety". Any safety factors which will

exisﬁ*in the final calculated thickness are contained in the
estimates for the weight énd volumé of traffic or in the assumption
that“?he underlying soils will have access to water and will ulti-
mate1§ reach the completely saturated condition upon which the "R"
value}is based. Therefore; if the supporting soils or bases become
saturéted and if the estimated traffic develops, design based on
these?charts should be adequate but not extravagant.

it follows of course that much lighter designs may "stand up"
and give good service és long as the supporting soils do not

become saturated with water,

www . fastio.com


http://www.fastio.com/

(saydul)
[l0G juawasbg O juawaoD(ds\(] 10 mOjd DIISD|d judadid 0} ssauxdiy] ubisag

o
mul
[11]
19
o
-1 <.
oc—+ &
(a8
1 4
g2— =
O
| -3
-0
9z— &
(4}
. T o
v2 o
- o
N
22— @
1 @
oz—+ &
1 &
gl— &
4 O
o
914
1 o
(9]
I
A
o
21— =
1 -~
[y)
=3
Ol —+ @
1 o
g &L
=
1 @
o
°7 =
vll..
N!l

(jusjoainb 3 (2ADIY)

(saydui) "s| 4 yibuang aj1sual "uI 40y '‘pbay 2004ING puD 2sDQ J0 sSAURDIY] (9 2({DIGS)

Ol

o
o

O
]

o
9]

o
w

M =[10S juawaspg 40 an|DA 9ouDysIsay (I 3DIG)
@)
q-

‘0G61°) aunp pesiaay
INIWIAVH YO/ANV 3SvE H¥0d 06
'_.mdxo zo_mmo mmmzxo:l._.

Tl brevady o b beaa v bbb cves beve tees s b e bavv e b beg oy

-0id 2y4 puD D|NWIO} SAOQD BYj WO

paulwiaap aq isJiy pjnoys om} doy

9y} 10} SN{DA J2}3W0ISIY0I Y} Wdjshs
19AD| 994y} D St I3A0D BYY |

‘ublsap |pnugaNays UL asn oy
an|DA ‘SUOlDUIGWOD 13AD| BY}
JO 9N|DA 13}2W0IS8Y0Y JUBIDAINDT =)
19ADj WO}{0G O} BN|DA J9}BWOISIYOD = 2D
19AD| doO} 10y AN|DA 1942WW0ISAY0D = 1D
J3AD| WO0g JO SSAUNDIU] =
48kp| do} Jo ssauydIYy] =

A i
("9 No::: +ln =Y

DINWIC) 9U} WOoU)
pauiwiajap 3q ADW SN|DA J3j3W
-01S9Y 02 UDIW 3y} UOo1}ONISUOD 49AD|
Om} D JO SISISUOD JBADD By} })
"|I0S JuawasDq
9y} ;0 mO|) 213sD|d |sisai o} pasind
-394 300D4INS pUD 8$DQ jO SSBUYOIIY]
94} JD | 3|D2S Jo8ssaiul [|IM BUlj SiY]
'‘990}4NS 3y} JO 2njDA J3}2WOIS8YOD
34y {0 H 902G }o9sJ49jul juiod sy}
woJ4 ‘(949'uoisoigb Buydsibau)
poo| 8y} jioddns oy paainbas |9
-D46 JO ssSauyoly} 3y} SI O JIDIG YiMm
Ul SiU} JO uolDIsSIBUI BYl -ADMm
-ybiy ayj jo 8y ubisap eayy 4o} pooj
013404 |D4O} 9Y} 40O} X3pUl D104} Y|
{04 909G pup { 9°0= Q/H uUim
suswinads uo J2)8WopqDES By} Aq paulw
-19}9p SD) Y 40} an|DA 3y} }D 3 8|DOS
}09saa4u1 abpajybiosys 0 yim

JENA3904d

)

OM} ao_ mf mc:cm: .voEmaE P_:vmo_,,

w.fastio.com

— AW



http://www.fastio.com/



http://www.fastio.com/

	E:\images\000010\00001064.tif
	image 1 of 28
	image 2 of 28
	image 3 of 28
	image 4 of 28
	image 5 of 28
	image 6 of 28
	image 7 of 28
	image 8 of 28
	image 9 of 28
	image 10 of 28
	image 11 of 28
	image 12 of 28
	image 13 of 28
	image 14 of 28
	image 15 of 28
	image 16 of 28
	image 17 of 28
	image 18 of 28
	image 19 of 28
	image 20 of 28
	image 21 of 28
	image 22 of 28
	image 23 of 28
	image 24 of 28
	image 25 of 28
	image 26 of 28
	image 27 of 28
	image 28 of 28


